Abstract Background: Scaphoid fractures treated nonoperatively and operatively may be complicated by nonunion. Questions/Purposes: We sought to test the primary hypothesis that the incidence density of scaphoid fracture treatment is higher than previously estimated, to determine the frequency and risk factors for nonunion treatment, and to determine whether the frequency of surgical treatment increased over time. Methods: The MarketScan ® database was queried for all records of treatment (casting and surgery) for closed scaphoid fractures over a 6-year period. We examined subsequent claims to determine frequency of additional procedures for nonunion treatment (revision fixation or vascularized grafting occurring 28 days or more after initial treatment). Trend analyses were used to determine whether changes in frequency of surgical treatment or revision procedure occurred. Results: The estimated incidence density of scaphoid fracture is 10.6 per 100,000 personyears in a commercially insured population of less than 65 years of age. Of 8923 closed scaphoid fractures, 29 and 71% were treated with surgery and casting, respectively. The frequency of surgical treatment rose significantly, from 22.1% in 2006 to 34.1% in 2012. The frequency of nonunion treatment was 10.8% after surgery and 3% after casting; neither changed over time. Younger age, male sex, and surgical treatment are associated with a higher risk of nonunion treatment. Conclusions: Our estimated incidence of scaphoid fracture is higher than previously reported. The increased enthusiasm in the USA to surgically treat scaphoid fractures is reflected by our trend analysis. The frequency of surgical treatment for presumed nonunion after initial surgical management for closed scaphoid fractures exceeded 10%. Given the increased utilization of surgery, surgeons and patients should be aware of the frequency of nonunion treatment to inform treatment decisions.
Introduction
The reported incidence density of scaphoid fractures in general populations varies widely, ranging from 1.47 per 100,000 person-years to 39 per 100,000 person-years [9, 13, 15, 17, 21] . The diversity of these study populations from Sweden, Finland, and the USA likely contributes to this variation. Additionally, the difficulty in arriving at early, definitive diagnosis of scaphoid fracture likely contributes, as well; up to 30% of scaphoid fractures are missed on initial plain radiographs [1] [2] [3] . A more accurate reflection of the incidence of scaphoid fractures is necessary to better understand the related epidemiologic burden of these fractures in the USA. Also, a population-based assessment of the trends in scaphoid fracture treatment and rates of union would aid in understanding the relative value of each treatment option.
While retrospective case series and reports regarding nonunion and post-traumatic arthritis following scaphoid fractures abound in the literature, the relative frequency of nonunion is unknown. Determining the rate of nonunion is further complicated by the fact that fracture location, displacement, treatment type, and timing of treatment may all affect rates of union [8, 18, 20] . The purpose of this population-based study was to estimate the incidence density of scaphoid fracture treatment, the frequency of subsequent treatment for nonunion, and risk factors for nonunion treatment in the USA. The secondary aim was to analyze trends in the treatment of scaphoid fractures and the frequency of scaphoid nonunion treatment from 2006 to 2012. Our primary hypothesis was that the incidence density of scaphoid fractures would be higher than previously estimated. We examined our secondary hypothesis that the frequency of surgical treatment would increase over time using trend analysis.
Materials and Methods
We used the Truven Health Analytics MarketScan ® Commercial Claims and Encounters database for the period of January 2006 to December 2012. The database includes de-identified, individual-level medical and outpatient pharmacy claims data for employees with primarily employer-based insurance and their spouses and dependents. Over 300 contributing employers and 25 nongovernment health plans in the USA contribute data to the MarketScan database, which encompassed more than 66 million individuals in the most recent year of full data collection [7] . This individual-level data allows longitudinal tracking of patients during outpatient or emergency department visits, inpatient hospital stays, and ambulatory surgeries. The MarketScan database has previously been used to evaluate delivery of care and post-operative complications after total joint arthroplasty [16, 22] and spine surgery [5, 6, 11, 14] , as well as other types of surgical intervention. During our study period, the overall sex distribution was 49% male and 51% female. The overall age distribution was 0 to 17 [20955] ). Because we were using administrative data, we could not confirm diagnosis of nonunion. Additionally, we could not include asymptomatic nonunions or welladjusted malunions. The minimum time allowed for nonunion surgery to occur after initial treatment was 28 days; patients without one of these events by the end of the study period were censored. We did not query for any other treatments (such as continued fracture care) beyond those listed above for nonunion treatment.
We determined the incidence density of scaphoid fracture treatment per year of coverage by dividing the number of cases in the study cohort by the number of eligible insurance beneficiaries (at least 18 years of age with at least 3 months of health insurance coverage) included in the MarketScan database during the study period (2006 to 2012).
We analyzed year-to-year trends in the percentage of all scaphoid fractures that were treated surgically and the percentage of all cases that had subsequent treatment for nonunion using the Cochran-Armitage trend test.
Due to the presumed differences between patients who were treated with casting and those treated with surgery, no statistical analyses were performed to compare these groups. We compared patients who did and did not undergo treatment for a scaphoid nonunion with univariate statistical tests: Wilcoxon rank-sum tests were used for continuous variables (as these were not normally distributed) and Pearson χ-square tests of independence were used for categorical variables. The presence of numerous comorbidities was tabulated from co-existing claims records based on the Charlson comorbidity index (BElectronic Supplementary Material^) [15] . Some patients (1000 of the 8470 [11.8%] patients in the Bno nonunion treatment^group and 53 of the 453 [11.7%] in the Bunderwent nonunion treatment^group) were missing comorbidity data and were excluded from analysis including the comorbidity variable. There were no significant differences in the proportion of patients with missing comorbidity data based on the initial treatment group (casting or surgery) or the presence of nonunion treatment.
Variables with p values of less than 0.25 in the univariate analyses were included in a multivariate logistic regression model with scaphoid nonunion treatment as the dependent variable. Age was entered into the model as the continuous variable after dividing age into decades (age divided by 10; first decade ages 18 to 27 years old); this rescaling was used to facilitate interpretation of the model results. A backward stepwise method was used to remove variables until those remaining had p values of 0.05 or less. After significant variables were identified, interaction effects among them were investigated.
Results
Mean age for the 453 patients undergoing nonunion treatment was significantly lower than that for those not treated for nonunion, and the former group consisted of a significantly higher proportion of male patients with a higher rate of initial surgical treatment ( Table 1 ). The cohort was 72% male and 28% female. The most common age range was 16 to 24 years (41%), followed by ages 25 to 44 years (34%) and 45 to 65 years (25%).
From 2006 to 2012, the incidence density of scaphoid fracture treatment (both casting and surgery) was 10.6 per 100,000 person-years in the MarketScan cohort. Of the 8923 closed scaphoid fractures from 2006 to 2012, 29% were treated surgically and 71% were treated with casting. The frequency of surgical treatment rose significantly from 22.1% in 2006 to 34.1% in 2012 (p < 0.001; Fig. 1 ). The frequency of nonunion treatment during the study period was 10.8% after surgery and 3% after casting (p < 0.001; Fig. 1 ). The frequency of nonunion treatment did not change over time for either the surgery or casting groups (or for the overall cohort). The average age of patients with a scaphoid fracture nonunion treatment (28.2 years) was lower than those without treatment for nonunion (33.9 years) (p < 0.001). Univariate statistical analysis results for data on demographics, original treatment type, and comorbidity are shown in Table 1 .
Patients who underwent treatment for scaphoid nonunion were significantly more likely to be male (OR, 1.89; 95% CI, 1.4-2.56) or have undergone prior surgical treatment (OR, 3.03; 95% CI, 2.5-3.7). The youngest patients are at significantly higher odds of being treated for a nonunion, with the risk of treatment for nonunion decreasing by 18% with each decade of age beyond 18 to 27 years (OR, 0.82; 95% CI, 0.75-0.89). Covariates in the final multivariate model are sex, surgical treatment, decade of age, and a small but significant (p = 0.04) interaction effect of decade of age and surgical treatment. This interaction effect does not change the statistical significance and interpretation of the main effects and was excluded from the final model for simplicity. The number of comorbidities was not a statistically significant variable in the final regression model.
Discussion
There currently is a lack of clarity regarding the incidence of and epidemiologic burden related to scaphoid fractures in the general population. A population-based assessment of the trends in scaphoid fracture treatment and rates of union would be helpful to better understand the relative value of each treatment option. The goal of this study was to estimate the incidence density of scaphoid fractures, the frequency of subsequent treatment for nonunion, and risk factors for nonunion treatment. An additional goal was to analyze trends in the treatment for scaphoid fractures and the frequency of scaphoid nonunion treatment from 2006 to 2012. Our primary hypothesis was that the incidence density of scaphoid fractures would be higher than previously estimated and our secondary hypothesis that the frequency of surgical treatment would increase over time using trend analysis. To summarize our results, we estimated the incidence of scaphoid fractures as 10.6 per 100,000 personyears. Of 8923 closed scaphoid fractures, 29 and 71% were treated surgically and with casting, respectively. The frequency of surgical treatment significantly rose from 22.1% in 2006 to 34.1% in 2012. The frequency of nonunion treatment was 10.8% after surgery and 3% after casting; neither changed over time. Younger age, male sex, and surgical treatment are associated with a higher risk of nonunion treatment.
The current study carries limitations inherent to the use of administrative data, such as a reliance on accurate coding. Most notably, we arbitrarily designated subsequent treatments at least 28 days from initial treatment as treatments for nonunion. This may lead to the categorization of some cases, such as delayed decisions for surgery or discovery of fracture displacement after original coding as non-operative treatment, as treatments for nonunion. While this could bias the frequency of nonunion treatment to be higher than expected in the non-operative treatment group, our results do not reflect this. However, this timeframe allows us to capture cases that occur earlier than 6 months but are likely to be treatments for nonunion or delayed union. This is particularly useful for the cohort that was originally treated with surgery, since some surgeons may not wait as long as 6 months after surgery before intervening if a fracture has not reached union after surgery. Because we identified the study cohort by treatment codes, patients with untreated scaphoid fractures were not included in the cohort. This may lead to an underestimate of the true incidence of scaphoid fractures and the true incidence of treatment for scaphoid nonunions. We were also unable to radiographically confirm the diagnosis of scaphoid fracture in those who underwent treatment. The tendency to treat patients with suspected scaphoid fractures even for a short period may lead to a relative overestimate of the incidence of scaphoid fractures in the USA. We accept the limitations associated with the possible under-and over-estimation of scaphoid fracture incidence, as our data provide an incidence estimate that reflects practice in the USA. Also, due to the data available, we did not diagnose Bnonunion^in the clinical sense; rather, we identified patients who underwent surgical treatments that are typically used to treat nonunions. While it would be ideal to diagnose the former, identifying the latter described cases that were deemed worthy of surgical intervention. We believe this provides meaningful information for the surgeon. Although these data may serve as a surrogate for practice, they directly reflect coding and billing data in the USA. Additionally, the database does not include laterality data, and we assume that initial treatment and subsequent nonunion surgeries occurred on the same side. Similarly, we were unable to determine the location of scaphoid fractures, which may limit the generalizability of our findings to specific fracture types. Additionally, we excluded patients with perilunate dislocation diagnoses but did not exclude patients with non-scaphoid carpal fractures, which introduces the possibility of including miscoded perilunate dislocations. Another limitation inherent to administrative data is the lack of detailed clinical information, which precluded us from investigating the influence of other factors (such as mechanism of injury, fracture displacement, surgeon experience, potential clustering of surgeon decision making, and patient expectations) that likely affect treatment decisions and subsequent outcomes after scaphoid fracture. This is particularly germane when considering the relationship between age and nonunion treatment, as physicians may be more inclined to offer treatment for scaphoid nonunion to younger patients than to older patients (regardless of any potential differences in the frequency of nonunion itself). The maximum length of time from initial scaphoid fracture treatment to censoring at the end of the study period is 6 years, which precludes us from evaluating the frequency of salvage procedures after scaphoid fracture treatment. Detailed demographic information that may influence outcomes, such as race, ethnicity, and household income, are not reliably coded or available in MarketScan. Additionally, because MarketScan is a proprietary database, we are unable to audit the data for coding errors. Truven Health edits procedure codes for validity; if they are invalid, they are set to missing. The MarketScan database only includes individuals with employer-based insurance in the USA, limiting the generalizability of our findings to those with employer-based commercial insurance (and not those who are uninsured or covered by Medicaid or Medicare). Furthermore, patients may lose commercial insurance coverage after their fracture has occurred but before any further treatment is given. We attempted to minimize the chance of insurance gaps by including continuous coverage of 6 months as one of the inclusion criteria. In our study, 6.2% of the included patients (with an initial fracture) lost insurance coverage before the occurrence of a future event (such as surgery for nonunion). Statistical analysis showed no difference in demographics or likelihood of future *Sums of each cell for comorbidities do not match the number of patients in each group (no nonunion treatment or nonunion treatment) due to exclusion of patients who are missing comorbidity data surgery for nonunion in those patients with loss of coverage (6.2% of the cohort) and those who did not lose coverage. Additionally, the cross-sectional, retrospective nature of the MarketScan database limits our ability to perform direct statistical comparison between the groups treated with casting and surgery. However, analysis of the MarketScan database provides the distinct advantage of a multi-payer, Brealworld^perspective across the full continuum of care delivery for patients with scaphoid fractures. Our estimated incidence density of scaphoid fracture treatment in the USA for commercially insured patients-10.6 per 100,000 person-years from 2006 to 2012 in a commercially insured population of less than 65 years of age-is substantially higher than previously estimated for the USA by Van Tassel et al. [21] . The discrepancy is likely related to the differences in the data collection methods with regard to both timing of data capture and assessment of true versus suspected fractures. While Van Tassel et al. included only patients diagnosed with scaphoid fractures in the emergency department, our dataset captured patients with an outpatient clinical presentation that warranted treatment of a scaphoid fracture with casting or surgery. We believe that reliance on diagnoses made in the emergency department is more likely to result in an underestimation of the incidence of scaphoid fractures, as a subset of patients presenting with wrist injuries have normal radiographs and may eventually be diagnosed with scaphoid fractures after subsequent outpatient imaging. In the emergency department, less time may be spent on accurate coding. Therefore, we believe that our dataset provides a more accurate reflection of scaphoid fracture epidemiology in the USA. The sample used by Van Tassel et al. also included patients with all insurance types, including Medicare. Because scaphoid fractures are more likely to occur in younger patients, their estimated incidence may have been lower due to inclusion of older patients (and conversely, our estimated incidence density may have been higher due to exclusion of patients over age 65 years). While our estimate of scaphoid fracture incidence is lower than that of population-based reports from other countries [9, 13, 15, 17] , the differences in injury epidemiology, population demographics, and health care delivery systems among countries preclude meaningful direct comparison. In a recent population-based study in Finland, trends in surgical treatment of scaphoid fractures and nonunion were evaluated [17] . The authors did not investigate the rate of non-operative scaphoid fracture treatment, which likely explains why their estimated incidence of scaphoid fracture primary fixation (5.5 to 17.8 cases per 1,000,000 person-years) differs from the 10.6 fractures treated per 100,000 person-years observed in the current study.
A majority (71%) of scaphoid fractures included in our study were treated non-operatively, but there was a significant increase in the overall percentage of fractures treated surgically from 2006 (22.1%) to 2012 (34.1%). The time period in the current study coincided with publication of multiple studies, albeit with inconsistent findings, examining the potential benefits of surgical treatment for nondisplaced and minimally displaced scaphoid fractures [4, 12, 19] . We speculate that the increased frequency of surgical treatment of scaphoid fractures seen in the current study may reflect a response by surgeons to the contemporaneous literature. Our lack of access to detailed information about patient and fracture characteristics, such as mechanism of injury and fracture displacement, limits our ability to investigate factors that may have contributed to the increasing frequency of operative management in the USA from 2006 to 2012.
The rate of nonunion treatment was 10.8% after surgical treatment and 3% after casting and did not change over the study period in either group. This finding differs slightly from the threefold increase in scaphoid nonunion treatment observed in Finland between 1997 and 2014 by Raittio et al. [17] . The presumed differences in how patients were selected into each of these groups prohibit direct statistical comparison of the rates of nonunion treatment. Furthermore, this result should not be interpreted as a causal relationship between surgical treatment and subsequent treatment for nonunion. Injury characteristics (such as the extent of fracture displacement and the mechanism associated with injury) and patient characteristics (such as desired activity levels and expectations for functional outcomes) almost certainly contributed to both the chosen treatment and the subsequent rate of nonunion. Our reported rate of treatment for nonunion after initial surgical treatment (10.8%) is higher than the nonunion rate reported in meta-analysis of level-I evidence (1%), level-II evidence (3%), and level-IV evidence (4%) [19] . While the heterogeneity of the patients and fractures treated in our study plays a role in these discrepancies, publication bias (the general reticence to report complications or poor outcomes) may furthermore contribute to this disparity [10] .
It is important to note that we are not reporting the clinical diagnosis of nonunion; rather, we are reporting those patients who underwent subsequent specific surgical treatments (coded as repair nonunion, vascularized bone grafting, or free microvascular graft) that we assume were intended to treat a nonunion. With the advantage of providing a population-based report that reflects actual practice, the rate of treatment for nonunion that we provide is well-suited for counseling patients and establishing a more appropriate benchmark to evaluate individual practice. The latter may be particularly useful for patient counseling.
In conclusion, our estimated incidence of scaphoid fracture (10.6 per 100,000 person-years) is higher than previously reported. The increased enthusiasm in the USA to surgically treat scaphoid fractures is reflected by our trend analysis. The frequency of treatment for nonunion after surgical management for closed scaphoid fractures exceeded 10% in a commercially insured population under the age of 65. Younger patients, men, and those treated surgically are at increased risk for treatment for nonunion, all of which may reflect the higher energy mechanism of injury typically associated with scaphoid fractures. Given the increased utilization of surgery, surgeons and patients should be aware of the frequency of surgical treatment for presumed nonunion after initial surgical management to inform perioperative treatment decisions. Informed Consent: Informed consent was waived from all patients for being included in this study.
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